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Purpose: This study assessed whether "technetium dimercaptosuccinic acid (DMSA) 
scintigraphy used for the assessment of renal sequelae after febrile urinary tract in- 
fection (UTI) has any prognostic value for outcome measurement of vesicoureteral re- 
flux (VUR) by retrospectively evaluating the correlation between abnormal DMSA scin- 
tigraphy results and persistence of VUR in children with febrile UTI. 
Materials and Methods: The medical records of 142 children (57 boys, 85 girls) admitted 
with febrile UTI from January 2004 to December 2006 and who were followed up for 
more than 1 year were retrospectively reviewed. At the initial and follow-up visits, renal 
ultrasound and DMSA scans were performed within 7 days from the diagnosis and void- 
ing cystourethrography (VCUG) was performed within 1 month in all case and follow-up 
evaluations. 

Results: The children's mean age was 4.8±3.6 years (range, 0.3 to 14 years). The mean 
follow-up was 28.2±4.8 months. At the initial examination, VUR was more often asso- 
ciated with an abnormal DMSA scan result (83.3%) than with a normal DMSA scan 
result (16.7%, p=0.02). The frequency of VUR with an abnormal DMSA scan during 
acute UTI was significantly higher than the frequency of VUR with a normal DMSA 
scan (38.8% vs, 25.8%, respectively, p=0.004). Also, high-grade VUR was associated 
with an abnormal DMSA scan result (32.5%) more often than with a normal DMSA scan 
result (0%, p=0.01). Children with an abnormal DMSA scan had a lower resolution rate 
of VUR (17.5%) than did children with a normal DMSA scan (75.0%) at the follow-up 
VCUG (p=0.02). 

Conclusions: An abnormal result on a DMSA scan during febrile UTI is associated with 
high-grade and persistent VUR. DMSA scans performed during febrile UTI are useful 
in reflux resolution in childhood. 
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INTRODUCTION 

Urinary tract infection (UTI) is one of the most common dis- 
eases in children [1] , and vesicoureteral reflux (VUR) is es- 
timated to occur in 25 to 50% of children with febrile UTI 
[2,3] . Approximately 30 to 40% of children with VUR have 



renal scarring at the time of diagnosis [3,4] . Recurrent UTI 
related with renal scarring and VUR are risk factors for 
progressive renal damage, which may lead to severe seque- 
lae such as hypertension and permanent renal failure [5,6] . 

A voiding cystourethrogram (VCUG) is used to evaluate 
VUR. However, VCUG is an invasive procedure and has 
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many side-effects, such as pain, irradiation, and UTI. The 
dimercaptosuccinic acid (DMSA) renal scan is a non- 
invasive test that allows for cortical imaging; this approach 
is currently recommended for evaluation of first-time fe- 
brile UTI because of its high sensitivity for detection of re- 
nal parenchymal injury [7]. However, it is not clearly 
known whether DMSA scintigraphy performed during fe- 
brile UTI has any prognostic value for outcome assessment 
in these children. Camacho et al. [8] advocated that chil- 
dren with an abnormal DMSA scan result have a higher fre- 
quency of VUR than do children with a normal DMSA scan 
result (48% vs. 12%) and that children with normal DMSA 
scan results during acute UTI have a low risk of renal 
damage. In the present study, we evaluated the usefulness 
of DMSA scans performed during febrile UTI for prediction 
of the severity and persistency of VUR that may lead to pro- 
gressive renal damage. 

MATERIALS AND METHODS 

A total of 142 consecutive children (57 boys and 85 girls; 
mean age, 6.7±2.6 years) who presented with an episode 
of acute febrile UTI from January 2004 to December 2006 
and who were followed up for more than 1 year were in- 
cluded in this retrospective study. DMSA and renal ultra- 
sound scans were performed during the first 7 days of the 
acute episode, and VCUG was done 1 month after the acute 
phase of disease to determine the presence of VUR [9] . 
Children with detected VUR underwent a follow-up VCUG 
study within 1 year after the first episode of acute UTI. VUR 
was graded according to the recommendations of the 
International Reflex Study [10] and then categorized as 
low grade (grade I to III) or high grade (grade IV to V). 
Children with bilateral reflux, voiding difficulty caused by 
neurogenic bladder, dysfunctional elimination syndrome, 
or duplicated kidney were excluded from this study. 
Appropriate antimicrobial prophylaxis was continued in 
children with a high grade of VUR and a recurrent UTI 
episode. For patients with breakthrough UTI and ag- 
gravated VUR, endoscopic subureteral injection of Deflux 



(dextranomer hyaluronic acid copolymer) was considered. 
This study was approved by the institutional review board 
in Chonnam National University Hospital. 

DMSA scintigraphy was performed by using a standard 
protocol applied by the calculated dose of DMSA according 
to the body surface area performed within 7 days of diag- 
nosis [11]. Four hours later, posterior, anterior, and each 
oblique view were obtained. DMSA scintigraphy was in- 
terpreted according to the recommendations of the 
European Association of Nuclear Medicine Pediatric Task 
Group [12] . A focal reduction or absence of uptake in more 
than one area of the kidney was considered abnormal. 
Relative function of the kidney of less than 45% was also 
classified as abnormal. 

SPSS ver. 7.5 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses. Chi-square test was used to compare 
frequencies. Values of p < 0.05 were deemed to be statisti- 
cally significant. 

RESULTS 

The characteristics of the patients are listed in Table 1. 
VUR was found in 47 children (33.1%) with febrile UTI, of 
whom the majority had low-grade VUR (76.6% vs. 27.1%). 
There were no significant differences in basal character- 
istics according to gender or in VUR incidence between boys 
and girls (p=0.2) (Table 1). At the initial examination, ab- 
normal DMSA scintigraphy results were found in the ma- 
jority (72.5%) of children with febrile UTI. The frequency 
of VUR with an abnormal DMSA scan result during the 
acute febrile UTI episode was significantly higher than 
that of VUR with a normal DMSA scan result (38.8% vs. 
25.8%, p=0.004). In all children with a normal renal scan 
result, the reflux grade was low-grade; high-grade VUR 
was not found in this group (Table 2). None of the 13 pa- 
tients with high-grade VUR had a normal DMSA scan 
result. 

At the follow-up evaluation, the rate of VUR resolution 
in children with an abnormal DMSA scan result during the 
acute febrile UTI episode (7/40) was significantly lower 



TABLE 1. Vesicoureteral reflux (VUR) grade according to sex in 
children with urinary tract infection 

Boys (40.1%, n=57) Girls (59.9%, n=85) 



Age (yr) 6.3±3.1 7.0±1.7 

No VUR 37 (64.9) 58 (68.2) 

VUR 20(35.1) 27 (31.8) 

Low-grade VUR 16 (80.0) 20 (74.0) 

Grade I 4 5 

Grade II 6 6 

Grade III 6 9 

High-grade VUR 4 (20.0) 7 (25.9) 

Grade IV 2 4 

Grade V 2 3 



Values are presented as mean±SD or number (%). 



TABLE 2. Vesicoureteral reflux (VUR) grade according to renal 
status at DMSA 





Normal renal scan 
(27.5%, n=39) 


Abnormal renal scan 
(72.5%, n=103) 


No VUR (66.2%, n=94) 


31 (79.5) 


63 (61.2) 


VUR (33.8%, n=48) 


8 (20.5) 


40 (38.8) 


Low-grade VUR 


8 (100) 


27 (67.5) 


Grade I 


4 


5 


Grade II 


3 


9 


Grade III 


1 


13 


High-grade VUR 


0(0) 


13 (32.5) 


Grade IV 


0 


8 


Grade V 


0 


5 



Values are presented as number (%). 
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Table 3. Vesicoureteral reflux (VUR) persistence according to 
renal status at DMSA 





VUR with normal 


VUR with abnormal 




renal scan (n=8) 


renal scan (n=40) 


VUR persistence 


2 (25.0) 


33 (82.5) 


VUR resolution 


6 (75.0) 


7(17.5) 



Values are presented as number (%). 



than the rate in children with a normal DMSA scan result 
(6/8; 17.5% vs. 75.0%, respectively, p < 0.05) (Table 3). Most 
of the children with VUR with an abnormal DMSA scan re- 
sult at the initial visit had persistent VUR (33/40, or 82.5%) 
at the follow-up evaluation. 

DISCUSSION 

In the present study, VUR was found in 33.8% of children 
with febrile UTI, and abnormal DMSA scintigraphy re- 
sults were found in 72.5% of children with febrile UTI. The 
purpose of this study was to assess the usefulness of DMSA 
study performed during acute febrile UTI in identifying 
children at risk of VUR or of resolution of VUR. In the pres- 
ent study, VUR had a high rate of association with abnor- 
mal DMSA scan results compared with normal DMSA scan 
results. Furthermore, the frequency of VUR with an abnor- 
mal DMSA scan result during acute UTI was significantly 
higher than that of VUR with a normal DMSA scan result. 
The present findings are consistent with the view that the 
DMSA scan obtained in children with febrile UTI is useful 
in the formulation of a proper management plan for those 
children in the clinical setting. Those with abnormal 
DMSA results and renal scarring are more likely to display 
VUR and are at increased risk of persistent VUR. This in- 
formation is useful in counseling children and parents 
about the natural course of VUR and in prediction of VUR 
resolution during the follow-up period. 

VCUG is an unpleasant and invasive procedure that in- 
volves radiation exposure and introduces the risk of cathe- 
ter-induced UTI [9] . These risks can dissuade clinicians 
from routinely performing VCUG in children after their 
first febrile UTI. Instead of VCUG, DMSA scans can be used 
to predict VUR. DMSA scintigraphy has high sensitivity 
for detection of renal abnormalities and is considered the 
gold standard for diagnosis of renal damage [13]. In the 
present study, 103 of 142 children (72.5%) presented with 
abnormal findings on the DMSA scintigraphy performed 
during the acute period of UTI. Preda et al. [9] reported that 
DMSA abnormalities are found in 51% of children with fe- 
brile UTI when DMSA is performed early in the course of 
UTI. The relatively higher incidence of abnormal DMSA 
studies found in our study may be attributed to our includ- 
ing recurrent UTI in our data. 

VUR is one of the most frequent risk factors for the devel- 
opment of renal damage. In the present study, VUR was 
found in 33.8% of the children with acute febrile UTI, 



whereas other studies have reported an incidence of VUR 
of 24 to 25% of children with febrile UTI [14,15] . An abnor- 
mality in a DMSA scan could occur in the absence of VUR, 
and in the present study, as many as 63 of 103 children with 
an abnormal DMSA scan result showed no reflux. This 
finding suggests that more than reflux itself is involved in 
the pathogenesis of parenchymal defects and renal scar- 
ring; additional factors could include bacterial virulence 
factors or host immunity [16] . 

In an earlier retrospective study, Temiz et al. [17] showed 
that a strategy to perform VCUG only in patients with ab- 
normalities on the DMSA scan to identify patients with 
high-grade VUR would have reduced the number of VCUG 
procedures by half. A recent study by Tseng et al. [18] retro- 
spectively analyzed the medical records of 142 children 
with VUR and reported that all the children with grades 
III to V VUR (21 patients) had an abnormal DMSA scan 
result. Those authors further stated that if VCUG had been 
performed only in children with an abnormal scan result, 
41 of 142 (29%) investigations could have been omitted. In 
the present study, the incidence of VUR with a normal 
DMSA scan result was very low (8/39, or 20.5%), and the 
degree of VUR in those children was low-grade (grade I, 
n=4; grade II, n=3; grade III, n=l) and clinically insigni- 
ficant. These results support the concept of not performing 
VCUG routinely in children with UTI. 

Many studies have reported a spontaneous VUR reso- 
lution rate of 53 to 68% during follow-up, with the rate dif- 
fering according to the grade of VUR [19,20] . A recent study 
reported that low-grade VUR (grades I to III) diagnosed af- 
ter UTI resolves significantly more rapidly than does 
high-grade VUR (grades IV to V) [21]. Camacho et al. [8] 
evaluated the prognostic value of DMSA renal scans per- 
formed during febrile UTI and reported that the frequency 
of VUR was higher by as much as 48% when the DMSA scan 
result was abnormal than the frequency of VUR when the 
DMSA scan result was normal in children (12%). Another 
study reported that the rates of 2-year reflux resolution in 
abnormal and normal renal scan groups were 13% and 
53%, respectively [22]. In our study, all the subjects with 
high-grade reflux showed an abnormal renal scan, and the 
VUR of those children did not show spontaneous resolution 
on follow-up evaluation. The rate of VUR resolution dif- 
fered depending on the DMSA scan result during the acute 
UTI. At the follow-up evaluation, the rate of VUR reso- 
lution in children with an abnormal DMSA scan result dur- 
ing the acute febrile UTI was significantly lower than in 
children with a normal DMSA scan result. Most of the chil- 
dren with VUR with an abnormal DMSA scan result at the 
initial visit were found to have persistent VUR at the fol- 
low-up evaluation. We suggest that in children with an ab- 
normal result on a DMSA renal scan during acute febrile 
UTI, most of the reflux does not resolve after follow-up eval- 
uation, in contrast with the case in children with a normal 
result on a DMSA renal scan, in whom reflux tends to 
resolve. Furthermore, in the present study, in children 
with a normal renal scan, most of the reflux was low-grade, 
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whereas none of the patients with high-grade VUR had a 
normal DMSA scan result. These results concur with pre- 
vious reports that higher grades of reflux are associated 
with an increased incidence of an abnormal result on a 
DMSA renal scan [23,24] and a strong association between 
reflux grade and the incidence of renal scarring. However, 
Goldman et al. [25] reported that renal scarring was not re- 
lated in children with pyelonephritis and low-grade reflux 
and that there was no correlation between parenchymal 
defects and recurrent UTI. 

There are several limitations to our study. Concerning 
the reversible defect of renal damage, it is important to con- 
sider the timing of DMSA renal scintigraphy. We made ev- 
ery effort to conduct the DMSA scintigraphy within the 
acute period of febrile UTI within 7 days of diagnosis. 
However, variations in this timing did occur in a small 
number of cases. VCUG was performed within 1 month af- 
ter the diagnosis, but with small variation among the 
subjects. These variable factors between the subjects in- 
cluded in this study should be considered. We excluded chil- 
dren with bilateral VUR and could not evaluate the DMSA 
renal scan results according to the frequency of febrile UTI 
or differences in gender or age. Another limitation of our 
study is that we did not distinguish between first UTI and 
recurrent UTI. In our study, the mean age of the children 
with febrile UTI was relatively older than in other similar 
studies. Renal scars may have developed in older children 
after previously unrecognized UTIs, and these scars can- 
not be differentiated from acute photon defects on DMSA 
renal scintigraphy. To avoid such a limitation, the current 
study limited the age to younger than 1 year [26] . 

CONCLUSIONS 

Abnormal DMSA scan results during febrile UTI were as- 
sociated with high-grade and persistent VUR. DMSA scan- 
ning performed during febrile UTI was useful as an in- 
dicator of reflux resolution in childhood. A DMSA scan 
should be considered when counseling families about the 
prognosis of febrile UTI with respect to VUR and renal 
damage. 
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